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4-(((4-Ethyl-5-(thiophen-2-yl)-4H-1,2,4-triazol-3-yl)thio)methyl)-7-methyl-coumarin was synthe-
sized, and its characterization was done with quantum chemical calculations and spectral techniques. The
density functional method (B3LYP) with the 6-311G(d,p) basis set was used to calculate the molecular
geometry, vibrational frequencies, and gauge, including atomic orbital (GIAO) 'H and *C-NMR chemi-
cal shift values of the title compound in the ground state. The theoretical vibrational frequencies and
chemical shift values agree well with the experimental results. DFT calculations of the density of states
(DOS) and frontier molecular orbitals of the title compound were carried out at the B3LYP/6-311G(d,p)
level of theory. In the present study, biological activities and molecular docking studies of this triazole
ring containing coumarin derivative compound were carried out. Interactions with important residues in
active sites were detected in molecular docking studies. In addition, in vitro analysis has shown that anti-
microorganism activity is especially effective against bacterial organisms such as E. coli, S. aureus, B. ce-
reus, and fungal organisms such as C. albicans, C. tropicalis. Also, the antioxidant capacity of the test
compound was investigated by oxidative stress index (OSI) and radical scavenging power (DPPH.), and
its antioxidant potential was found. In addition, it was determined by in vitro anticancer and SDS-PAGE
analysis that the test compound does not cause a detrimental cytotoxic effect on healthy cell cultures such
as HUVEC and has the potential for anticarcinogenic activity on MCF-7 and MKN-45 cancerous cell cul-
tures.
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BUOAKTUBHOCT 1 KBAHTHO-XEMUCKHU IIPECMETKHN HA HOB KYMAPUHCKU JEPUBAT
KAKO CYIICTAHIIA CO CHJIHU AHTUOKCUAAIIMCKHA, AHTUMHUKPOBHU
N AHTUKAHIIEPO3HU CBOJCTBA

beme cuntermsupan 4-(((4-etnn-5-(tnoden-2-nm)-4H-1,2,4-rpruazoin-3-mi) THO )METHI)-  -METHII-
KyMapuH, a HeroBara KapakTepu3allija € H3BpIIeHa CO IOMOII Ha KBAaHTHO-XEMHCKH INPECMETKU U
CHEKTpaJHN TEeXHHUKU. belmle HMCcKOpucTeH MeTomoT Ha ryctuHa Ha ¢(ynkumonanor (B3LYP) co 6-
311G(d,p) kako Ga3eH ceT 3a Ja ce IpecMeTaaT MOJICKYJICKaTa reOMETpHja, BHOPALCKUTE (PPEKBEHLIUH U
BPEJHOCTUTE Ha MOMECTYBamaTa CIOpe] METOAOT Ha aTOMCKUTE OpOMTAIHM WHBAPHUjaHTHU BPEIHOCTH
(GIAO) 3a 'H n ¥C-NMR Ha HaBeIEHOTO COENMHEHHE BO OCHOBHA cOCTOj0a. Te€OpHCKUTE BUOPAIUCKH
(peKBEeHIMN M BPEJHOCTUTE HAa XEMHCKUTE INOMECTYBama CE€ BO COIJIACHOCT CO EKCIICpUMEHTAJIHUTE
pesynratu. DFT-mpecmerkure Ha ryctmHata Ha cocrojoata (DOS) m Ha TpaHMYHHTE MOJEKYJICKU
opburtanu Ha HaBeAeHOTO coenanHenne Oea m3Bpmenn Ha B3LYP/6-311G(d,p) HuBo Ha Teopuja. Bo oBaa
cTynvja Oemre onpeneHa OWOJNONIKATA AKTUBHOCT W Oelle W3BpIICHA CTyadja Ha MOJEKYJICKO
MIPUIIOjyBathe HA TPUA30JICKUOT IIPCTEH LITO IO COAPKH KYMAapHHCKHOT JepuBaT. [lpu cryauute Ha
MOJIEKYJICKOTO MPUIOjyBamke Oea NeTeKTHPaHH MHTEPaKIMU CO BaKHU PE3UIyHd Ha aKTUBHHUTE LIEHTPH.
IMokpaj Toa, anammu3aTa in Vitro mokaxa jeka aHTUMHKPOOHATa aKTHBHOCT € 0COOCHO e(hHKacHa TPOTUB
OaKTepUCKHTE OpraHu3Mu Kako o ce E. coli, S. aureus u B. cereus u ¢pyurudnu opranuszmu kaxo C. al-
bicans u C. tropicalis. Ucto Taka, aHTHOKCHIALMCKUOT KamaluTeT Ha MCIUTYBAHOTO COCAHMHEHHUE Oelle
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UCIIUTAH NpPeKy OKCHIanucKHoT crpec-uuaekc (OSI) u Mokra 3a yncteme Ha pagukanu (DPPH), co mro
Oemre ompeeseH aHTUOKCHAAIMCKUOT NOTeHIMjal. JlomomHWTeNnHO, €O TOMOII Ha in  Vitro
agtukannepHata SDS-PAGE anammza, Oeme ompeneneHO JeKa HCIUTYBAaHOTO COCIWHCHHE HE
MIPEeI3BUKYBA MITETHH IIUTOTOKCHYHU e(DeKTH Ha 3ApaBUTE KIETOUYHHU KynTypHu Kako mrto ce HUVEC u
JIeKa IMOKaKyBa aHTHKAHIIEPO3€EH ITOTEHIIHjall Bp3 KaHIepo3HH kireTogan Kyntypu MCF-7 1 MKN-45.

Kayunu 360poBu: HoB kymMapuH; NMR; KoMITjyTepcku mpecMEeTKH Ha TIPHII0] yBabE;

OHOJIOIIKA aKTBHOCT

1. INTRODUCTION

Coumarin derivatives are compounds called
benzopyrones, chemically containing a benzene
ring and pyrone ring. They can be found naturally
in the fruits, seeds, leaves, and roots of plants in
high concentrations.’* Coumarins have exhibited a
wide variety of biological activities such as antimi-
crobial, antioxidant, and anti-cancer activity as
they can form hydrogen bonds, hydrophobic
bonds, electrostatic interactions, metal coordina-
tion, and Van der Waals interactions with proteins
and enzymes. Therefore, they have found wide use
in medicinal chemistry.>® In addition to being
found naturally, coumarins can also be synthetical-
ly obtained using various synthesis methods.®*!
The highly functional nature of these heterocyclic
compounds causes these compounds to occupy an
important place in drug design.'>® Posaconazole,
fluconazole, itraconazole, ketoconazole and
voriconazole, etc. are azole antifungal agents that
show good in vitro activity against variety of mi-
croorganisms.*”8 In contrast to these compounds
with good antifungal activity, the nitrogen posi-
tions of the triazole ring that makes up our test
compound are different. Also, we discuss how all
of the groups that make up the chemical structure
of the compound affect biological activity.

In this study, a 1,2,4-triazole containing
coumarin compound 4-(((4-ethyl-5-(thiophen-2-
yl)-4H-1,2,4-triazol-3-yl)thio)methyl)-7-methyl-
coumarin was synthesized by reaction of 4-ethyl-5-
(thiophene-2-yl)-4H-1,2,4-triazole-3-thiol and 4-
(chloromethyl)-7-methylcoumarin. Also, character-
ization of the title compound was confirmed by
FT-IR, 'H-NMR, and **C-NMR. The chemical
structure of the compound was determined, and the
DFT calculations of this compound were made. In
addition to investigating its antimicrobial, antioxi-
dant, cytotoxic activities, molecular docking stud-
ies were also carried out. Here, our conformational
study for the resulting compound was aimed at
obtaining the most appropriate structural form,
while at the same time being concerned with pre-
dicting the fundamental properties. The interac-
tions of the test compound with the macromole-

cules of some microorganisms were revealed using
the molecular docking approach.

2. EXPERIMENTAL SECTION
2.1. Chemical analyses

Infrared spectra were measured using a Per-
kin-Emler FT-IR spectrophotometer. The *H and
13C NMR spectra were obtained using a Bruker
AC-400 NMR spectrometer set to 400 MHz for *H
and 100 MHz for 3C. Chemical shifts were refer-
enced to tetramethylsilane after the compounds
were dissolved in dimethyl sulfoxide (DMSO) (*H-
and *C-NMR). Elemental analyses were done on a
LECO-CHNS-938 and Aldrich or Merck supplied
the chemicals.

Synthesis of 4-ethyl-5-(thiophene-2-yl)-
4H-1,2,4-triazole-3-thiol (111). After 3 hours of
refluxing thiophene-2-carbohydrazide (1) (0.01
mol), ethyl alcohol (50 ml), and ethyl isothiocya-
nate, solid thiosemicarbazide began to form in the
reaction flask. After adding 0.15 mol of KOH to
the solid, dissolution began. The reaction was
stopped after 6 hours, and the pH was adjusted to
3-4 with HCI. The residue was poured onto
crushed ice. The resulting solid was filtered, dried,
and recrystallized from ethyl alcohol. FT-IR (KBr,
cm?, v): 3072-3107 (Ar-H), 2870-2960 (C-H),
1570 (C=N), 1263 (C=S), 715 (C-S-C); *H NMR
(400 MHz, DMSO-ds, 6, ppm): 1.23 (t, 3H, N-
CH,-CHs, J = 7.2 Hz), 4.22 (q, 2H, -N-CH>-CHgs, J
= 7.2 Hz), 7.27 (dd, 1H, Ar-H, J = 4.0, 4.8 Hz),
7.68 (d, 1H, Ar-H, J = 3.2 Hz) 7.86 (d, 1H, Ar-H, J
= 4.8 Hz), 13.98 (s, 1H, SH); *C-NMR (100 MHz,
DMSO-ds, 8, ppm): 13.7, 39.7, 126.8, 128.9,
129.3, 130.3, 146.3, 167.5.

Synthesis of 4-(((4-ethyl-5-(thiophen-2-yl)-
4H-1,2,4-triazol-3-yl)thio)methyl)-7-methyl-cou-
marin. Potassium carbonate (K>COs) (0.02 mol)
was dissolved in 30 ml of dry acetone. This solu-
tion was treated with 4-(chloromethyl)-7-methyl-
coumarin (0.02 mol). Dropwise addition of 4-
ethyl-5-(thiophene-2-yl)-4H-1,2,4-triazole-3-thiol
(111) (0.02 mol) to this solution for 6 hours at room
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temperature followed. The resulting solid was fil-
tered, dried, and recrystallized from ethyl alcohol.
Figure 1 depicts the synthesis and structure of the
title compound. FT-IR (KBr, cm™, v): 560-740 (S-
C), 938 and 1266 (O-C), 1717 (C=0), 2937-3081
(Ar-H), 1474 (C=N); 'H-NMR (400 MHz, DMSO-
ds, 8, ppm): 1.17 (t, 3H, N-CH,-CHjs, J = 7.0 Hz),
3.39 (s, 3H, Ar-CHs, ) 4.09 (g,2H, N-CH>-CHjs, J
=6.9 Hz), 4.62 (s, 2H, S-CH>), 6.32 (s,1H, H-C-

D

S HN-NH, >KOH

111 v

1-EtOH/HCI
+ CpHgNCS

C=0), 7.27 (m, 3H, Ar-H + thiophene-H), 7.57 (s,
1H, Ar-H), 7.85 (m, 2H, Ar-H + thiophene-H);
BC-NMR (100 MHz, DMSO-ds, 8, ppm): 15.3,
21.2 33.8, 40.2, 114.4, 115.6, 117.2, 125.4, 125.9,
128.0, 128.7, 129.6, 143.5, 149.4, 150.3, 151.4,
153.9, 160.1. Elemental analysis: CigH17N302S,,
Calculated: C, 59.51; H, 4.47; N, 10.96; S, 16.72.
Found: C, 59.47; H, 4.49; N, 10.91; S, 16.55.

N~ N~N
D = <1
s Z\l Ng S Z\‘ SH
CHs n CHg
CHj3
K,CO3 N~y
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CHj (
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v

Fig. 1. Chemical structure for the title compound (V)

Computational methods. Gauss View5 and
Gaussian 09 software were used to perform all the-
oretical calculations (optimization, IR, and
NMR).1*2t B3LYP with a 6-311G(d,p) basis set
was used to optimize the title compound?-%
_ENREF_20_ENREF_20_ENREF_20. Theoretical
'H- and ®C-NMR values were computed within
the GIAO approach.?’” In nuclear magnetic reso-
nance, calculations were used with DMSO as sol-
vent. The harmonic vibrational frequencies for the
optimized structure were assessed and the theoreti-
cally obtained frequency values are scaled by
0.958. The potential energy distribution (PED) of
the title compound was calculated with VEDA 4
computer program. The density of state data (DOS)
was calculated with Gaussum 3.0 software.?

Molecular docking studies. The title com-
pound was optimized-energy minimized using
Gaussian 09 software at B3LYP/6-311G(d,p). The
confirmation of the compound obtained here was
recorded as PDB and was prepared for use in Au-
toDock 4.22° and AutoDock Vina software.*® Het-
eroatoms or co-crystal ligand-centered grid box
was defined in macromolecules in a regular space
of 0.375 A and with a size of 48x40x40 A3, ac-
cording to the size of the title compound. 1bgb and
6tz6 pdb files were obtained at the website of
http://www.rcsb.org/ and were modified using
Maestro (Maestro, Schrodinger, LLC, New York,
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NY, 2020.). The docking score was obtained by
using the Lamarckian Genetic Algorithm for the
AutoDock molecular docking program.

2.2. Biological activity

Antimicrobial assay. The effectiveness of
the test compound against anti-microorganisms
was determined by determining the minimum in-
hibitory concentration (MIC) against microorgan-
isms by the "Microdilution Broth Method".3! Bac-
terial organisms, S. aureus (ATCC 29213), P. ae-
ruginosa (ATCC 27853), E. coli (ATCC 25922),
B. cereus (ATCC 11778), K. pneumoniae (ATCC
13883), E. faecalis (ATCC 29212), and fungal or-
ganisms, C. albicans (ATCC 10231) and C. tropi-
calis (DSM 11953), were used in our study. The
test compound was dissolved in 40 % Dimethyl
sulfoxide (DMSO) to make the stock solution.
Mueller  Hinton Broth (MHB, Accumix®
AM1072) was used for bacteria, and Sabouraud
Dextrose Broth (SDB, Himedia ME033) was used
for fungi. Added 90 pl of MHB for antibacterial
and SDB for antifungal with a sterile Pasteur pi-
pette to the first wells of the microtiter plates. 50 pl
of the medium was added to each of the other
wells. Wells in row 11 were used as sterility con-
trol, and 100 pl of the medium was added to
each.>®® The 12th-place wells were used for re-
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production control. 10 pl of the test compound
from the stock solution was added to the first
wells, while the others were diluted in series. A
suspension with a turbidity of the McFarland 0.5
solution was prepared using microorganisms. A
suspension of 50 ul of microorganisms was added
to each well so that it was 5 x 105 CFU/ml for bac-
terial organisms and 0.5-2.5 x 103 CFU/ml for
fungi. The plates were incubated at 37 °C for bac-
teria and 35 °C for fungal organisms for 16-24
hours. The MIC value was considered to be the
first wells where the turbidity or appearance of

microorganisms decreased when evaluating the
results. The test was repeated a total of 3 times.**

Antioxidant-oxidant capacity. The total an-
tioxidant capacity (TAC), total oxidant capacity
(TOC), and oxidative stress index (OSI) of the test
compound were calculated using Rel Assay Diag-
nostic commercial kits. While the Trolox standard
was used for the TAC experiment, the hydrogen
peroxide standard was used for the TOC experi-
ment. The following formula was used to calculate
the oxidative stress index (OSI) level. 343°

TOC (umol H, 0, equiv./1)

0SI(AU) =

TAC (mmol Trolox equiv./l1 x 10)

Cell culture studies. In the present study, the
breast cancer cell culture (MCF-7) (human breast
adenocarcinoma cell), human stomach cancer cell
line (MKN-45; human gastric cancer cell line), and
human endothelial cell line (HUVECs; human um-
bilical vein endothelial cell) were used. The cell
lines are placed in vials of 25 cm? in the incubator
(Corning-Sigma-Aldrich St. Louis, MO, USA).
Each sample was cultured with Dulbecco’s modi-
fied Eagle medium (DMEM) and 10 % Fetal Bo-
vine Serum (FBS) at 37 °C with a CO- content of 5
%. When the density of the cells growth and mor-
phology were monitored, when it reached the level
of 90 %, the cultivation process was performed
(Nueve MN 120). 200 pl of the mixture was placed
in each of the 96 wells (5 x 103 cells in a 100
ul/plate space)®* DMEM, FBS, and sterile phos-
phate buffer (PBS) were supplied commercially
(Gibco Invitrogen).

MTT Test. In this study, the MTT analysis
method was used to determine the effects of the
test compound on cell cultures. For this, the test
compound was used in various concentrations (1-
10-100 mg/ml). Twenty-four hours after10 pl of 12
mM MTT solution was added to the wells, it was
incubated in a 5 % CO; oven at 37 °C for 4 hours.
Then, 100 pl of SDS dissolved in 0.01 M HCI
were added to dissolve the purple formazan crys-
tals, and the solution was incubated in the oven.
The absorbance of the purple color was measured
at 570 nm with an Elisa reader, and the IC50 re-
sults were calculated through GraphPad Prism 6.0
software (GraphPad Software, San Diego, CA,
USA).3

SDS-PAGE analysis. The effects of the test
compound on cancer cell cultures were investigat-
ed by performing an SDS-PAGE analysis, thereby
determining the effects of the test compound on
certain protein secretions in cancerous and healthy
cells.® Protein samples were analyzed by SDS-
PAGE according to the explanations of Laemmli.®’

2.3. DPPH radical scavenging activity

The antiradical activity of the test compound
was investigated according to the Blois method.*®
This method focuses on 1,1-diphenyl 2-
picrylhydrazil radical (DPPH) elimination via free
radical scavengers. DPPH is a free radical and has
a red color. When this radical is scavenged by an-
tioxidant compounds, the color changes from red
to yellow. In our experiment, there was a decrease
in absorption mixing at 517 nm. This indicates that
the test compound caused an increase in antiradical
activity in free radical scavenging (0.1 mM DPPH
radical in the assay; butyl hydroxytoluene (BHT)
(1 mg/ml) and the test compound were used as ref-
erence standards). The compound synthesized in
the study and the standard compound were dis-
solved in ethyl alcohol at 1 mg/ml. The test com-
pound and standard were used in the amounts of
50, 100, and 250 pg/ml, respectively. DMSO was
added to form a total volume of 3 ml. After 30 min
of incubation, absorbance measurements were
made (UV-Vis Spectrophotometer: Shimadzu UV-
1700 Spectrophotometer).

The calculation for DPPH radical scaveng-
ing activity was done according to the formulation
presented below.

As

% Radical scavenging power = (Ac - A_) x 100

c
e

Ac: Absorbance of control, As: Absorbance of sample or standard
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Statistical analysis. The SPSS 22.0 pro-
gram® was used in the analysis of the data. All
statistical analyses were performed at a 95 % con-
fidence level using Student's t-test. For statistical
correlation, p < 0.05 was defined as significant and
p <0.01 and 0.001 as highly significant.*

3. RESULTS AND DISCUSSION

3.1. Molecular geometry

The optimized parameters of the title com-
pound, such as bond lengths, bond angles, and di-
hedral angles, were obtained using the B3LYP/6-
311G(d, p) method. The atomic numbering design
of the theoretical geometric structure is given in
Figure 2. The geometric parameters such as varia-
tion in bond lengths, bond angles, and dihedral
angles are listed in Supplementary Table S1, due to
substituents attached to the title compound. From
the theoretical results, the aromatic ring was dis-
torted from the regular hexagon due to the steric
effect of the —-CHj3 group. The C13-0O1 and C12-01
bond distances were determined as 1.362 A and
1.367 A, respectively, by using the B3LYP/6-
311G(d,p) method. It has been reported that the
actual bond length of C-O in the heterocyclic ring
was 1.512 A. %4 The result showed that the C13-
O1 bond length was significantly reduced due to
the fusion of the benzene ring with the a-pyrone
ring through the O1 atom. The S1-C9 bond dis-
tance was observed at 1.837 A whereas the S1-C1
bond distance was 1.764 A. This may be due to the
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o \ / N c17 ‘;’F
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C15 r \ c:
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I st ‘
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ot\./ )
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|(‘..‘>
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—
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substitution of C=N at the neighboring atom C1.
Generally, the C-N bond was observed at 1.47 AQ
and the C=N bond length was observed at 1.33 A0,
where the C-N values were higher than the C=N
bond length.*>*3 The C-N bond length of the tria-
zole ring was computed at 1.372 A0, 1.385 AO for
N3-C1, N3-C2, and for N3-C7 bound to ethyl, the
molecule was observed at 1.465 AOQ. Further, the
ethyl molecule C-N was higher than the triazole
ring C-N. This may be due to the resonating struc-
ture of the triazole ring when compared with the
ethyl molecule. The C1=N1 and C2=N1 bond
lengths were determined as 1.310 A and 1.315 A,
respectively, by using the B3LYP/6-311G(d,p)
method. The DFT calculations give shortening of
the angles at C13-C18-C17 by 2.610, C14-C15-
C16 by 1.480, and enlargement in angles at C15-
C16-C17 by 1.010, C14-C13-C18 by 1.560, and
C16-C17-C18 by 1.060 from the normal angle
1200 for benzene, which reveals that the substitu-
tion of CHs group at C15 position and the fusion of
benzene ring with the a-pyrone ring at C13 and
C18 position causes this distortion. For C2-C3-S2
and C4-C3-C2, they were calculated at 1170 and
1310 at the C3 position, respectively. The differ-
ences observed may be due to the presence of lone
pair of electrons at the S2 position and active hy-
drogen at the C4 position. The orientation of the
triazole ring of the title compound proved a notable
discrepancy and was defined with torsion angle
C2-N2-N1-C1 which was calculated at —0.048 for
B3LYP/6-311G(d,p) level.

cmj J
J C16
ot “
2 J
(;1;‘ ‘CH Nt N2 82
NCRY I
c13 Q0 J * ”‘
01. c9 yg.czcz‘ ‘cs
‘<Jcn J v )4 J
S B Ce)‘“ﬂ
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Fig. 2. The experimental geometric structure (a) and the theoretical geometric structure (b) of the title compound
(with B3LYP/6-311G(d,p) level)

3.2. Nuclear magnetic resonance (NMR) spectra

Three stages of 'H- and *C-NMR analysis
were performed. When the *H- and *C-NMR spec-
tra of the synthesized 4-ethyl-5-(thiophene-2-yl)-
4H-1,2,4-triazole-3-thiol (I111) were examined in
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the first step of this work, the most characteristic
peak was the SH/NH peak, which appears as a sin-
glet at 13.98 ppm, as shown in Supplementary Fig-
ure S1. The title compound's experimental *H- and
13C-NMR spectra were taken in DMSO in the sec-
ond step of the work, and theoretical NMR calcula-
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tions were performed using the B3LYP/6-311(d,p)
basis set. There were some distinct peaks in the *H-
and *C-NMR spectra of the title compound ob-
tained in the study. The first and most distinctive
peak is from the protons in the S-CH,. Because of
the electronegativity of the sulfur atom, hydrogen
atoms close to it were set downfield. Experimental
H shifts belonging to S-CH. were observed at 4.62
ppm as a singlet, the same H shifts were computed
at 4.46 ppm and 4.42 ppm, respectively. The sec-
ond of these is the ethyl fragment. The -CH; pro-
tons of the N-CH,-CHjs in the 4-position were ob-
served to give a quartet peak at 4.09 ppm; the same
protons were computed at 4.07 ppm and 4.21 ppm.
While the -CHs protons showed triplet at 1.17
ppm, the same protons were calculated as at 1.64
ppm, 1.61 ppm, and 1.52 ppm, respectively. The
carbons in the C-NMR spectrum of the ethyl
group were observed at 15.3 ppm for -CH; and at
33.8 ppm for -CH; as experimental, and the same
carbons were computed at 16.6 ppm and 35.9 ppm,
respectively. Carbon and hydrogen atoms close to
the nitrogen atom are set downfield due to the elec-
tronegativity of the nitrogen atom. As a result, the
electron charge density shifts away from these at-
oms and toward the nitrogen atom, and these atoms
resonate downfield. The third of these is thiophene,
the thiophene ring is a five-membered aromatic
group. The unbound electron pair on the sulfur at-
om gives the ring six 7 electrons, and the structure
becomes aromatic. However, these electrons,
which are given to the ring, cause the hydrogens on
the ring to resonate in the higher area. Due to the
inductive effect of the sulfur atom, the hydrogen
atom in the a position was observed in a lower area
than the other two protons. While the hydrogen at-
om in the o position was shown at 7.85 ppm as ex-
perimental and as computed at 7.27 ppm, respec-
tively, the other two protons were shown at 7.27
ppm as experimental and as computed at 7.45 ppm
and 7.35 ppm, respectively. The fourth of these me-
thyl protons is in the coumarin ring. While experi-
mental H shifts belonging to the coumarin ring were
observed at 3.39 ppm as a singlet, the same H shifts
were computed at 3.11, 3.09 and 3.07 ppm, respec-
tively. Besides the characteristic peaks, the disap-
pearance of the SH/NH peak, which appears as a
singlet at 13.98 ppm, was an important factor.

In the third step of the work, the interaction
between the experimental and theoretical NMR data
of the title compound was determined by a linear
regression model. The equation was calculated as

8'H Exp = —0.092 (£0.173) +
0.990 (40.027) SCalc.

and the R2 value was calculated as 0.992. Besides,
for the experimental and calculated *C-NMR val-
ues, the equation was

§13C Exp = —0.089(+2.426) +
0.957(+0.019) 8Calc.

and the R2 value was calculated as 0.994. The re-
sults are consistent with the literature. ** As can be
seen from Supplementary Table S2 and Table S3,
theoretical chemical shift outcomes of the title com-
pound were compared with experimental data, show-
ing generally closer values both for *H and *C-NMR.
The chemical structure, *H, and *C-NMR spectra of
the title compound are shown in Supplementary Fig-
ure S2 and Figure S3.

3.3. Fourier-transform infrared spectroscopy
(FT-IR)

When the FT-IR spectra of the synthesized 4-
ethyl-5-(thiophene-2-yl)-4H-1,2,4-triazole-3-thiol
(111) were examined in the first step of this work, it
was discovered that the C=0 peak in the carbox-
ylic acid hydrazides between 1635-1675 cm™ had
vanished. In place of this peak, N-C=S peaks (am-
ide bands) appeared at 1570, 1263, 1068, and 990
cm. The most prominent peaks in the title com-
pound obtained in the second step of the work
were CO, CH, and CHz vibrations.

CO vibrations in the title compound were
observed at two types of CO stretching vibrations:
CO (C13-01 and O1C12) stretching vibrations and
C=0 (C12=02) stretching vibrations. C-O stretch-
ing vibrations were detected between 1250 and 850
cm.4 CO stretching vibrations values for the
structural study of the title compound (O1-C12 and
C13-01) were observed experimentally at 938 and
1266 cm™ and calculated at 941 and 1270 cm™ for
the B3LYP/6-311G(d,p) level. The C=0 stretching
frequency was observed in the range of 1650-1850
cm. Due to its large change in dipole moment and
its characteristic frequency, it is used to study a
wide range of compounds.>*° A very strong infra-
red absorption band at 1717 cm™ was easily as-
signed to the carbonyl vibration in the title com-
pound and calculated as 1748 cm™ for B3LYP.

CH and CHs vibrations in the aromatic
structures commonly show multiple bands between
3000 and 3100 cm, which is the characteristic
region for the C-H stretching vibrations.®**? In the
present study, the experimental C—H stretching
vibration was observed in the FT-IR spectrum at
2937-3081 cm*. The same vibration was calculat-
ed theoretically in the range of 3144-2983 cm™

Maced. J. Chem. Chem. Eng. 42 (1), 1-12 (2023)
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using the B3LYP method, and it showed a good
correlation with the experimental data. The CH
group usually gives rise to four fundamental bend
vibrations: scissoring and rocking (in-plane bend-
ing), wagging, and twisting (out-of-plane bend).
The C—H out-of-plane bending vibrations appeared
in the region of 1000-675 cm™* and C-H in-plane
bending vibrations appeared in the region of 1400-
1050 cm™1.%% The C-H in-plane bending vibra-
tions of the ring appeared at 1366-1086 cm™ ex-
perimentally, and they were calculated theoretical-
ly in the range of 1383-1060 cm™ for the B3LYP
method. The C-H out-of-plane bending vibrations
of the ring appeared at 1155-740 cm™ experimen-
tally, and they were calculated theoretically in the
range of 1112-583 cm™ for the B3LYP method.
The CHs; group usually gives rise to nine funda-
mental vibrations such as three bending modes,
three stretching modes, two rocking modes, and a
single torsional mode. The symmetric and asym-
metric stretching vibrations of the methyl group
normally appear at 2850-3000 cm.%®

The calculated wave numbers of CH3 group
vibrations were observed at 2987 cm™ (vs, couma-
rin), 2983 cm™ (vs, triazole), 2917 cm (vs, tria-
zole), and 2906 cm (vs, coumarin) for B3LYP
method. The title compound contains some other
important vibrations such as C=C, C-S, and C=N.
The aromatic ring carbon-carbon (C=C) stretching
modes appeared in the region of 1650-1200 cm™.
In this work, the experimental C=C stretching vi-
brations were observed in the FT-IR spectrum at
1705-1217 cm™. The same vibrations were calcu-
lated theoretically in the range of 1714-1239 cm'?
using the B3LYP method. The C-S frequency val-
ues were shown in the region of 600-772 cm™ in
the literature.®® These vibrations are observed in
region 560-740 cm* experimentally and calculated
theoretically in the range of 539-775 cm™ for the
B3LYP method. The C=N frequency values of the
title compound appear at 1474 cm= and 1439 cm™.
The calculated C=N frequency values have ap-
peared at 1461 cm™ and 1459 cm. Also, the other
levels of calculations can be seen in Supplemen-
tary Table S4. These results indicated some band
shifts in the different substituent-triazole rings.
Any discrepancy noted between the observed and
the calculated frequencies may be due to the two
facts: one is that the experimental results belong to
the solid phase and theoretical calculations belong
to the gaseous phase; the other is that the calcula-
tions have been done on a single molecule contrary
to the experimental values recorded in the presence
of intermolecular interactions.
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3.4. Frontier molecular orbitals and global
reactivity descriptors

Frontier molecular orbital theory is a molec-
ular orbital theory application that describes HO-
MO-LUMO interactions. In the literature, global
reactivity descriptors include global softness, glob-
al hardness, and electronegativity.>%* The HO-
MO-1 electrons are delocalized in the coumarin
ring, the HOMO electrons are delocalized in the
triazole and thiophene rings, and the LUMO elec-
trons are delocalized in the coumarin ring, while
the LUMO+1 electrons are delocalized in the tria-
zole and thiophene rings, as shown in Supplemen-
tary Figure S4. The energy separation between the
HOMO and the LUMO is 4.0572 eV. This demon-
strates that the energy gap reflects the molecule's
chemical activity. These parameters for a molecule
can be calculated using HOMO and LUMO energy
values. lonization potential is the minimum
amount of energy required to remove an electron
from a gaseous atom or molecule. The amount of
energy released when an electron is added to a
gaseous molecule is defined as electron affinity.
Electronegativity is the tendency of an atom to at-
tract electrons. Chemical hardness is a measure of
how well molecules resist weight transfer. Higher
chemical hardness molecules have little or no
weight chemical softness.®*®? Supplementary Table
S5 displays the electronic structure parameter val-
ues calculated by the B3LYP method with 6-
311G(d,p). Because neighboring orbitals in the
boundary region may have quasi-degenerate ener-
gy levels, considering only the HOMO and LUMO
may not yield a realistic description of the frontier
orbitals. As a result, the density of states (DOS)
were calculated for both the gas phase and the sol-
id phase using the Gauss Sum 3.0 software. The
density of states diagram in the title compound is
shown in Supplementary Figure S5.

3.5. Thermodynamic properties

The rotational temperatures, thermal energy,
specific heat capacity, zero-point vibrational ener-
gy, rotational constants, and entropy of the title
compound were calculated using the B3LYP/6-
311G(d,p) main set at 298.150 K and 1.00 atm
(Supplementary Table S6). The totality of thermo-
dynamic data ensures useful knowledge for the
investigation of thermodynamic energies and con-
jecture directions of chemical reactions using the
second law of thermodynamics in thermo-chemical
applications.
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3.6. Biological activities

Anti-microorganism activity. The anti-
microorganism activity of the test compound is
given in Supplementary Table S7. It has been re-
ported to be meaningful when the MIC is 0.1
mg/ml or less, mildly effective in the range of 0.1
<MIC < 0.625 mg/ml, and weakly effective when
greater than 0.625 mg/ml.% In the present study, it
was found that the test compound was more effec-
tive on Candida albicans. Also, the test compound
was found to have potent antimicrobial activity on
Escherichia coli, Staphylococcus aureus, Bacillus
cereus, and Candida albicans, Candida tropicalis.
Also, it was determined to have a good effect on P.
aeruginosa, K. pneumoniae, and E. faecalis. Over-
all, the test compound has a discernible antimicro-
bial activity on the eight microorganisms studied.

Antioxidant effect. The antioxidant potential
of a compound is often due to its ability to reduce
or transform the effects of oxidants. The therapeu-
tic activities of the compounds can be thought to
be due to their good antioxidant capacity.5% It is
important to evaluate the oxidant and antioxidant
capacities of the compounds depending on their
chemical structures separately in terms of calculat-
ing the oxidative stress index.3* The antioxidant
capacity of the title compound, the oxidant capaci-
ty, and the oxidative stress index, as the ratio of
these two capacities, are given in Supplementary
Table S8. According to the results of the experi-
ments, the oxidant value of the synthesized com-
pound was 6.999 + 0.518, while its antioxidant
value was 19.896 + 0.712. As a result, it is seen
that the oxidative stress index was 0.037 £ 0.654. It
can be stated that the test compound is a good
source of antioxidants together with its higher an-
tioxidant capacity and lower oxidative stress index.

Cytotoxicity effect. The test compound was
applied to 3 different cell lines (MCF-7, HUVEC,
and MKN-45) at varying concentrations (1, 10,
100 pg/ml). The IC50 values obtained after 24-
hour incubation are given in Supplementary Table
S9. If the IC50 values are usually well above 10
uM, it can be assumed that the compound does not
have a significant cytotoxic effect on these cell
lines (Supplementary Figure S6). Accordingly,
when the cytotoxic activity of the test compound
on the HUVEC (normal human cell line) cell line
is examined, it is seen that it does not have a harm-
ful cytotoxic effect on healthy cells. Also, the test
compound showed pronounced cytotoxicity against
all of the tested cancer cell lines. In chemotherapy,
it is very important to use agents that only kill can-
cerous cells and do not harm other healthy cells.

The results indicated that the test compound did
not show any toxicity for healthy cells and the test
compound selectively inhibited the growth of can-
cer cells (especially MCF-7) only.

SDS-PAGE analysis. According to the pro-
tein bands we obtained in the results of the study,
significant differences were found in protein ex-
pression with a molecular weight of 66.2 kDa. Ac-
cording to the gel images in (Supplementary Fig-
ures S7 and S8), it was determined that the protein
expression levels in row 4 were higher than the
control group in rows 2 and 3.

Albumin protein is in the nonenzymatic an-
tioxidant protein group represented by a molecular
weight of 66.2 kDa. It is known to bind the HOCI
radical and some protein and metal ions, and the
albumin levels in cancer cases remain low com-
pared to the control group. However, it is known
that in some cases, the structure of albumin can be
modified compared to normal albumin. Therefore,
more research is needed on this subject. On the
other hand, it was determined that the test com-
pound increased the levels of less expressed pro-
tein in cancer cells. This result reveals the necessi-
ty of further studies with molecular techniques.

Antiradical scavenging activity. The reduc-
ing power of DPPH radicals was obtained by cal-
culating the percent inhibition values after they
were detected by absorbance reduction at 517 nm
induced by the test compound. The calculated re-
sults are given in Supplementary Table S10. The
results revealed that the test compound showed a
decent level of activity, close to the standard anti-
oxidant BHT (Supplementary Figure S9). DPPH is
a stable, free radical and accepts an electron or hy-
drogen radical to become a stable diamagnetic
molecule. Therefore, it was concluded that there is
a large scope for further study in order to more
clearly reveal the structure-activity relationship.

Molecular docking. According to the crys-
tallographic structures of “aureolysin, Staphylo-
coccus aureus metalloprotemase” and “Candida
albicans Calcineurin A, Calcineurin B, FKBP12
and FK506 (Tacrolimus)”, the main binding site
has been determined to be around heteroatoms or a
small molecule. It has been declared that FK506
(Fujimycin) for 6TZ6, Zn?", and Ca®" atoms for
1BQB macromolecules interact with active sites as
binding sites.®®®” Calcium ions have been reported
to bind to residues found in Asp140, 176-187, and
190-197 cycles. It has been previously reported
that zinc ion binds to residues such as Hisl44,
His148, and Glul168.% For FK5086, it has been re-
ported to bind to residues found in the 6TZ6 active
site. The hydrogen bond of our test compound with
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Bioactivity and quantum chemical calculations of a new coumarine derivative as a strong antioxidant, antimicrobial... 9

residue  A:TRP401 was the same as FK506
(https://www.rcsh.org/3d-view/ngl/6tz6). The test
compound binding mode was similar to Fujimycin
in 6TZ6 (Fig. 3). Residues participating Pi Cation,
Pi-Pi Stacking, and H-bonds with the title com-
pound are shown in Table S11. Similar interactions
were observed on all macromolecules with mo-
lecular docking studies for the title compound
(Supplementary Table S11). 2D interaction modes
(Fig. 4) and 3D interaction modes (Fig. 5) for test
compounds with macromolecule active sites were
determined. Ligand binding types and residues of
macromolecules were visualized by Maestro soft-
ware.®® When the results of the molecular docking
studies were compared with the results of the bio-
logical activity studies, it can be determined that
the results were parallel. According to the results
of both molecular docking and antimicrobial ac-
tivity studies, it can be stated that the effect of the
test compound on Candida albicans is stronger
than on other microorganisms.

)

|
A

Fig. 3. The title compound (blue) and C:FK506 (red)
are presented in the 6TZ6 binding cavity
(molecular surface rendered in light green)
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Fig. 4. 2D interactions diagram for title compound at active
sites of 1BQB (a) and 6TZ6
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Fig. 5. 3D interactions for title compound at active sites
of 1BQB (a) and 6TZ6 (b)

4. CONCLUSIONS

The title compound containing a 1,2,4-
triazole coumarin derivative was synthesized, and
characterization was confirmed by FT-IR, *H-, and
1BC-NMR. Spectroscopic and electronic properties
of the title compound were examined both experi-
mentally (in vitro) and theoretically (in silico), and
biological activity studies were carried out. The
optimized geometric parameters (bond, lengths,
and bond angles) were theoretically determined at
the B3LYP/6-311G(d,p) level of the title com-
pound. The chemical shifts were compared with
experimental data in DMSO solution, showing a
very good agreement both for 'H and C-NMR
chemical shifts. An agreement was determined be-
tween the theoretical and experimental results with
regard to the accurate allocation of the vibrational
frequencies to the molecular structure based on the
theoretical calculations. Thermodynamic features
and HOMO and LUMO energies in the ground
state of the title compound were calculated by us-
ing the density function. It turned out that the test
compound had a high antioxidant capacity but also
contained a moderate level of oxidant. It was ob-
served that the oxidative stress index (OSI), which
is important in evaluating the antioxidant/oxidant
ratio of the test compound, was very low. It was
also determined that its antiradical activity was
good. According to all these results, it can be said
that the test compound has good antioxidant poten-
tial with its high antioxidant capacity and lower
oxidative stress index and antiradical properties.
The results indicated that the test compound could
productively inhibit the growth of tested microbial
organisms, and it displayed an extensive antimi-
crobial spectrum. Also, the test compound did not
show any toxicity, suggesting our test compound
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selectively inhibited the growth of cancer cells on-
ly. The therapeutically beneficial effects of syn-
thetic compounds are often associated with their
antioxidant properties. Therefore, they are suitable
for use in the cosmetic, food, and pharmacological
industries to reduce oxidative damage. In this re-
spect, we think that our study results and the test
compound will contribute to the literature.
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